. In addition to the three-helix homeoure 1 shows the sequences of the proteins used in the domain, Pbx1 contains 13 ordered C-terminal residues structural study, along with the correspondence of (60-72) that form a turn of 3 10 helix followed by a fourth amino acid sequence numbers to the conventional hotwo-turn ␣ helix (Figures 1 and 2 ). Rather than interacting meodomain numbering scheme. The HoxB1 fragment with HoxB1, as had been anticipated, these residues (residues Ϫ32 to ϩ64) contains the homeodomain with pack against the Pbx1 homeodomain, giving rise to a its N-terminal hexapeptide motif. The Pbx1 fragment four-helix DNA-binding domain (Figures 2 and 3 ). contains residues 1-84, which include the homeodomain and the C-terminal tail required for maximal DNA binding of Hox-Pbx heterodimers (Lu and Kamps, 1996 , 1998) . The introduction of proline residues that would with Hox partners, it had been hypothesized that the residues C-terminal to the Pbx1 homeodomain would be expected to disrupt the observed conformation of the C-terminal residues also has a deleterious effect on play a structural role similar to that of the tail of MAT␣2. However, the structure reported here shows that these transactivation and DNA binding (Green et al., 1998), suggesting that the structural integrity of the C terminus C-terminal residues are an integral part of the Pbx1 DNAbinding domain.
is required for optimal DNA binding. Mutation to alanine of the helix 1 residue Tyr-21, which forms both van der The interactions formed by the 13 C-terminal residues of Pbx1 with the remainder of the Pbx1 homeodomain Waals and hydrogen bond interactions with helix 4, decreases the binding affinity of Pbx1 monomers to DNA are characteristic of a single well-packed, globular protein domain (Figure 3 ). In the bend following helix 3, Ileas well as the cooperativity of binding with Hox partners (Lu and Kamps, 1996) . Taken together, these results 60 is in van der Waals contact with Tyr-56 of helix 3, while its carbonyl forms a water-mediated hydrogen support the idea that the observed packing of helix 4 against the homeodomain is important for the DNA bindbond with Tyr-56. Phe-63 packs against both Tyr-56 of helix 3 and Tyr-21 of helix 1. In helix 4, Ala-67 also forms ing activities of Pbx1. The enlarged, four-helix DNA-binding domain of Pbx1 hydrophobic contacts with the helix 1 residue Tyr-21. Tyr-70 is in van der Waals contact with both Asn-17 is expected to be conserved among all members of the PBC class of homeodomain proteins (Duboule, 1994). and Glu-18 and forms a hydrogen bond with Glu-14. In addition, Glu-66 in helix 4 forms a salt bridge with Lys-52
These proteins, which include Drosophila exd and C. elegans CEH-20, as well as the mammalian Pbx1, Pbx2, in helix 3 and a hydrogen bond with Tyr-21 in helix 1. (residues Ϫ24 to Ϫ19) forms part of the nine ordered amino acids in the crystal structure that are joined to the HoxB1 homeodomain by 20 disordered residues. and Pbx3 proteins, share sequence identity over 79 amino acids that include the homeodomain and the 13 Residues Ϫ22 to Ϫ19 form a 3 10 helix, while the remaining backbone residues are in an extended conforresidues immediately C-terminal to the homeodomain that form part of the Pbx1 DNA-binding domain ( 
DNA-binding domains that extend beyond the minimal conserved motif.
Structure Determination DNA derivatives were obtained by substituting thymine or cytosine Experimental Procedures bases in the DNA with 5-iodo-uracil or 5-iodo-cytosine, respectively. Native crystals were derivatized with mercury by soaking in 10 mM Purification and Crystallization HoxB1 (residues 171-266) and Pbx1 (residues 233-319) fragments thimerosal for 16 hr. Selenomethionine-substituted HoxB1 protein was made by expressing and purifying HoxB1 as described above, required for cooperative DNA binding were expressed in E. coli under T7 promoter control. Protein expression and purification proexcept that the cells were grown in M9 minimal media in the presence of seleno-L-methionine and 1 mM DTT was used throughout tocols were similar for each protein. BL21 (DE3) pLysS cells were grown at 37ЊC in LB medium with 100 g/ml carbenicillin and 34 the purification. Crystals were prepared for data collection by equilibration in a cryoprotectant containing the crystallization solution g/ml chloramphenicol, induced at mid-log phase with 1 mM IPTG, and grown overnight at 25ЊC. The bacterial cell pellet was sonicated plus 24% 2-methyl-2,4-pentanediol ( 
